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Applicant 
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1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international 
application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for 
communication to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of 
the report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) 
(Article 39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation 
must contain a translation of any annexes to the international preliminary examination report. It is the 
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step 
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international 
preliminary examination and that "any Contracting State may apply additional or different criteria for the 
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article 
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for 
enabling disclosure, clarity and support for the claims. 
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Authorized Officer 
Touysserkani, T 

Tel. +49 89 2399-2161 
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International application No. 
PCTyEP 03/001 01 


International filing date (dayAnonth/year) 
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This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

M This report is also accompanied by ANNEXES, i.e. sheets of the description, claims andybr drawings which have 
been amended and are the basis for this report and/br sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 8 sheets. 



This report contains indications relating to the following items: 

Basis of the opinion 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 
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International application No. PCT/EP 03/001 01 



I. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 



Description, Pages 

1-13, 15-18 as originally filed 

1 4 received on 20.02.2004 with letter of 1 6.02.2004 



Claims, Numbers 

1-16 received on 20.02.2004 with letter of 16.02.2004 

Drawings, Sheets 

1/12-12/12 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andfor 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application, 
ISI claims Nos. 16 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 

E the description, claims or drawings (indicate particular elements below) or said claims Nos. 16 are so 
unclear that no meaningful opinion could be formed (specify): 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide and/ 
or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the Standard. 

□ the computer readable form has not been furnished or does not comply with the Standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-15 

No: Claims 

Inventive step (IS) Yes: Claims 1-15 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-15 

No: Claims 

2. Citations and explanations 
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1 . The following document will be referred to in this international preliminary 
examination report (IPER): 

D1 = US-A-4 462 001 

2. With reference to item III, the examiner is not in the position to give a meaningful 
opinion with regard to novelty, inventive step and industrial applicability concern- 
ing the subject-matter of claim 16 due to serious clarity objections (Art. 6 PCT). 

2.1 The subject-matter of present claim 16, claiming "a compensating apparatus as ... 
described with reference to figures 8 to 17", is totally unclear and does, therefore, 
not meet the requirements of Art. 6 PCT in conjunction with Rule 6.2 a) PCT. 

3- With reference to item V, the examiner is of the opinion that the subject matter of 
the present claims 1-15 meets the requirements of Art. 33 (2) (3) and (4) PCT. 

2.1 Document D1 , which is considered to represent the closest prior art, discloses in 
the drawings (fig. 1) "a compensating apparatus for compensating for intermodu- 
lation products, the apparatus comprising: 

a phase splitting unit (providing the I- and Q-signals to the filters 2 and 3), 
which splits an input RF signal into an inphase component and a quadrature 
component; 

first multiplying units (7, 8), which square the value of the in-phase compo- 
nent and the quadrature component respectively; and 

a first summer (9) which sums the squared values to generate an X 2 signal. 
Thus, the subject-matter of claim 1 differs from the arrangement known from D1 in 
that the claimed compensating apparatus comprises furthermore 

combining units, which respectively combine the X 2 signal, the in-phase 

component, the quadrature component and an external signal with 

respective predistorting coefficients; and 

an adder, which generates a predistorted RF signal from the output of the 
combining units. 

Since the particular combining units claimed in claim 1 are neither known from nor 
rendered obvious by one of the documents cited in the international search report, 
the subject-matter of claim 1 appears to be new and to involve an inventive step. 
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3.2 The subject-matter of the independent method claim 10 meets the requirements 
of Art. 33 (2) (3) and (4) PCT for the same reasons as elaborated above with 
respect to the independent apparatus claim 1 . 

3.3 Due to their dependency on one of the independent claims 1 and 10, the subject- 
matter of the dependent claims 2-9 and 11-15 meets the requirements of Art. 33 
(2) (3) and (4) PCT either. 
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In terms of the simulated performance in a Feed Forward Loop, at 
86W PEP, the Peak Error Power is now only 20m W. The Error amplifier 
needs to deliver only 200m W peak when used with a 1 OdB output coupler. 

It should be noted, that the improvement of 14dB illustrated in 
5 Figure 12 can not be guaranteed in anything other than special cases: the 
simple PA model produced a smooth curve instead of the sharp ripple as 
shown on Figure 2. For accurate realisation of the distortion (and for its 
inverse) a larger number of taps will be required, corresponding to a longer 
delay (memory). 

10 Accurate realisation of the distortion may be achieved with digital 

predistortion. On the other hand, there is no benefit from more than 1 OdB 
improvement because the 5th and higher order terms are present at 8-1 OdB 
below anyway. 

In one embodiment of the present invention, an apparatus for 
is compensating for the EMD products generated in PAs is provided. The 
compensating apparatus is configurable in accordance with the transfer 
characteristics of the PA for which it compensates. Thus the compensating 
apparatus can be configured to emulate the models in both Figures 8 and 



apparatus is as an RF-ASIC, also referred to as an APE. 

It has been realised that the block diagram in Figure 1 1 and the block 
diagram in Figure 8 can be constructed using the same RF-ASIC 
components. Each block diagram can be emulated as a special case (see 
25 Figure 14 and 15 respectively). 

The APE provides predistortion and equalisation in Feed Forward 
loops. The benefits of this solution are summarised as follows: 



11. 



20 



As remarked earlier, one preferred embodiment of the compensating 
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CLAIMS: 

A compensating apparatus for compensating for intermodulation products, 

the apparatus comprising: 

a phase splitting unit (1004), which splits an input RF signal (1002) 
into an in-phase component (1006) and a quadrature component 
(1008); 

first multiplying units (1010, 1010'), which square the value of the 
in-phase component and the quadrature component respectively; 
a first summer (1030) wfacS.'w^^Se^ijuac^ value's to generate an" 
X 2 signal; 

combining units (1040, 1050, 1060, 1040', 1050', 1060'), which 
respectively combine the X 2 signal, the in-phase component, the 
quadrature component, and an external signal (1025) with respective 
predistorting coefficients (1 102, 1 1 12; 1 106; 1 1 16; 1 104, 1 1 14); and 
an adder (1090), which generates a predistorted RF signal (1092) 
from the output of the combining units. 

2. A compensating apparatus according to claim 1 wherein the 
combining units comprise fist to sixth combining units, 
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the first combining unit (1040) combining the X 2 signal with a first 
predistorting coefficient (1102); 

the second combining unit (1040') combining the X 2 signal with a 



the third combining unit (1050) combining the external signal with a 
third predistorting coefficient (11 04); 

the fourth combining unit (1050') combining the external signal with 
a fourth predistorting coefficient (1114); 

the fifth combining unit (1060) combining the in-phase component 
— wi th a 1^ — - 

the sixth combining unit (1060') combining the in-phase component 
with a sixth predistorting coefficient (111 6). 

3. A compensating apparatus according to claim 2, further comprising a 
second summer (1070) summing the outputs of first and third combining 
units; and a third summer (1070') summing the outputs of second and 
fourth combining units. 

4. A compensating apparatus according to claim 3 further comprising a 
second multiplying unit (1080) which multiplies the output of the second 
summer with the in-phase component; and a third multiplying unit (1 080') 



second predistorting coefficient (1112); 
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which multiplies the output of the third summer with the quadrature 
component, and wherein the adder sums the outputs of the firth combining 
unit, the sixth combining unit, the second multiplying unit and the third 
multiplying unit to produce a predistorted RF signal. 

5. A compensating apparatus as claimed in any preceding Claim, 
wherein the apparatus is an application specific integrated circuit. 

6. A compensating apparatus as claimed in any preceding Claim, 

-wherein an output cai^ 

Tl) and the output of the delay unit is fed back into the apparatus as the 
external signal (1025), whereby the external signal is a delayed signal 
derived from the X 2 signal. 

7. A compensating apparatus as claimed in any of Claims 1-5, the 
apparatus comprising a further multiplier (1020), which squares the X 2 
signal again to give a X 4 signal, wherein the external signal (1025) is the X 4 
signal. 
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8. A hybrid compensating apparatus for substantially simultaneously 
compensating for both carrier frequency and envelope frequency dependent 
effects due to IM3 products, the hybrid apparatus comprising: 

- a first compensating apparatus as claimed in Claim 6, arranged to 
compensate for envelope frequency effects; 

- a second compensating apparatus as claimed in any of claims 1 -5, 
arranged to compensate for carrier frequency effects; 

- a carrier delay unit, which imposes a predetermined delay upon the 
RF input signal supplied to the second compensating apparatus; and 

- a further adder which sums ^ - 

compensating apparatuses. 

9. A feed forward amplifier arrangement comprising: 

- a compensating apparatus (APE) as claimed in any of the preceding 
claims; 

-an amplifier (PA) having non-linear transfer characteristics that 
distort signals amplified thereby, the amplifier being coupled to the 
output of the compensating apparatus; 

- a controller (PIC) which generates coefficients for feeding into the 
compensating apparatus; and 
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- a sampling means which samples an output signal from the 
amplifier and which feeds the sample back to the controller. 

1 0. A method of compensating for intermodulation products, the method 
comprising: 

splitting (1004) an input RP signal (1002) into an in-phase 
component (1006) and a quadrature component (1008); 

y squaring (1010, 1010') the in-phase component and the quadrature 

component respectively and summing (1030) their squares to 

generate_anJX^signal; , 

combining (1040, 1050, 1070, 1080, 1040', 1050% 1070% 1080') the 
X 2 signal, the in-phase and quadrature components, and an external 
signal (1025) with respective predistorting coefficients (1 102, 1 104, 
1112, 1114); and 

) generating ( 1 090) a predistorted RF signal ( 1 092). 

11. A method according to claim 1 0 wherein the combining step 
comprises fist to sixth combining operations, 

the first combining operation (1040) combining the X 2 signal with a 
first predistorting coefficient (11 02); 
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the second combining operation (1040') combining the X 2 signal 
with a second predistorting coefficient (1112); 

the third combining operation (1050) combining the external signal 
with a third predistorting coefficient (1 104); 

the fourth combining operation (1050') combining the external 
signal with a fourth predistorting coefficient (1114); 

the fifth combining operation (1060) combining the in-phase 
component with a fifth predistorting coefficient (1 106); 

the sixth combining operation (1060') combining the in-phase 
component -witii a sixth-predistorting^ 

12. A method according to claim 11, further comprising a second 
summing operation (1070) of summing the results of first and third 
combining operations; and a third summing operation (1070') of summing 
the results of second and fourth combining operations. 

13. A compensating apparatus according to claim 12 further comprising 
a second multiplying operation (1080) which multiplies the output of the 
second summing operation with the in-phase component; and a third 
multiplying operation (1080') which multiplies the output of the third 
summing operation with the quadrature component, and wherein the step of 
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generating a predistorted RP signal comprises summing the results of the 
firth combining operation, the sixth combining operation, the second 
multiplying operation and the third multiplying operation. 

14. A method as claimed in any of claims 10-13, wherein the external 
signal is a delayed (1502) signal derived from the X signal. 

^) 

15 A method as claimed in any of claims 10-13, wherein the method 

O A. 

further comprises squaring (1020) the X signal to generate a X signal and 

-wheFein-the-extemal-signal ^~(4025-)4s4h^-X^signal ii ^ 

16. A compensating apparatus as hereinbefore described with reference 
to Figures 8 to 1 7 of the accompanying drawings. 
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